Retention rates in antiretroviral treatment (ART) in low-and middle-income countries are suboptimal for meeting global "90-90-90" treatment targets. Interventions using routinely collected patient data to follow up with ART defaulters is recommended to improve retention; yet, little is documented on how these data are used in practice. This state of the evidence review summarizes how facilities and programmes use patient data to retain adults on ART in low-and middle-income countries, and what effect, if any, these interventions have on retention. The authors searched peer-reviewed and grey literature in PubMed, POPLINE, OVID, Google Scholar, and select webpages; screened publications for relevance; and applied eligibility criteria to select articles for inclusion. Over 4,000 records were found, of which 19 were eligible.
Introduction
The global HIV community released a series of ambitious goals and new treatment guidelines in the past few years that highlight the significance of starting people living with HIV (PLHIV) on treatment, and keeping them on treatment. The Joint United Nations Programme on HIV/AIDS (UNAIDS) introduced in October 2014 their "90-90-90" initiative, which calls for achievement of the following goals by 2020: 90% of PLHIV to be diagnosed; 90% of those diagnosed to be on antiretroviral treatment (ART); and 90% of those on ART to be virally suppressed ("UNAIDS", 2014) . The World Health Organization (WHO) released new treatment guidelines in September 2015, which recommend treating all PLHIV -at any age and at any CD4 count ("WHO", 2015) . Finally, the President's Emergency Plan for AIDS Relief (PEPFAR) 3.0 plan is also seeking to aggressively increase treatment, with the goal of supporting 18.5 million women, men, and children on ART by 2017 (Vidanapathirana, Premadasa, Disanayake, Wijegoonewardene, & Mallikarachchi, 2016) .
With this push to scale up ART, implementers and policymakers must think realistically about how to retain patients on treatment, especially in low-and middleincome countries where ART retention may be suboptimal. Definitions of ART retention vary, but retention indicators tend to measure the number or frequency of visits within a proscribed period of time. For instance, the U.S. Institute of Medicine defines retention as two attended visits separated by at least 90 days during a 12-month period (Mugavero et al., 2012) . A systematic review of retention on ART in sub-Saharan Africa defined retention as the opposite of attrition; meaning anyone who has not died or has not been lost to follow-up (LTFU) is considered retained on treatment (Fox & Rosen, 2010) .
Retention in ART is a great challenge for health systems, particularly in developing countries. Inadequate retention and adherence to ART results in poor health outcomes, including morbidity, mortality, drug resistance, and increased risk of transmission. It also results in the inefficient use of scarce available resources for treatment (Stricker et al., 2014) . There are health-related, cultural and social factors which inhibit patients who initiate ART (or treatment for other infectious diseases, such as tuberculosis) in low resource settings from returning to a health facility for care. These include advanced illness and death, long distances and high associated costs of travelling to health facilities, stigma in receiving treatment, poor health service delivery (i.e., long waiting times; medicine stock outs; poor quality of care by health facility staff), a self-perceived improvement on treatment, alternative health beliefs and psychological factors including depression ("WHO", 2011) . There are also record-keeping-related constraints to patients' retention in care. Specifically, after death, the most commonly cited reason for LTFU is transfer to another health facility (Dalal et al., 2008; Karcher, Omondi, Odera, Kunz, & Harms, 2007; Lawn et al., 2006; Yu et al., 2007) .
Fox & Rosen, 2010 paper reviewed articles published between 2007 and 2009 and estimated that in subSaharan Africa, 24-month retention was 70% (range: 66.7%-73.3%), while 36-month retention was just 64.6% (range: 57.5%-72.1%) (Fox & Rosen, 2010) . Although these retention rates are higher than estimates from an earlier systematic review for the region (Rosen, Fox, & Gill, 2007) , they indicate that substantial efforts must be made to reach the global targets on HIV treatment that will change the course of the epidemic -particularly ensuring that in the next three years 90% of those on ART are virally suppressed.
There are many studies that retrospectively analyse routinely collected data to assess retention at a particular health facility or at several health facilities. Based on a review of records for specific patient cohorts, these studies often recommend better record-keeping and tracing of patients who have defaulted (e.g., discontinued treatment) or been LTFU (e.g., not actively enrolled in care) (Dalal et al., 2008; Forster et al., 2008; McMahon et al., 2015; Scheibe et al., 2013) .
For instance, Forster, et al. found a correlation between fewer missing data in electronic medical records and fewer losses to follow-up for ART, suggesting that better databases might contribute to ART retention (Forster et al., 2008) . However, few studies examine how clinicians and community health workers actively use routinely-collected patient data to increase ART retention, and we have found no state of the evidence or systematic reviews to date on this topic (Fraser et al., 2007) .
As such, the aim of this paper is to report the results of our state of the evidence review of published peer-reviewed and grey literature on how routinely collected patient data are used to retain adults on ART in low-and middleincome countries, with the objective of supporting policymakers and programme managers with documented, practical approaches, which they can adapt to their context and apply in low resource settings. We recognize that there are myriad other techniques to increasing ART retention through addressing the economic, social, behavioural and cultural factors that determine patient retention; however that is not the focus of this paper.
This study analyses adult patients who receive ART and default or who are lost to follow-up. We excluded articles focusing on pre-ART retention, because of the unique nature of retention at this stage in a patient's treatment; as well as publications that focus exclusively on pregnant women and children, because the services they receive differ from those of other adults and therefore should also be examined separately.
Methods

Search strategy
In January and February of 2016, we systematically reviewed both peer-reviewed and grey literature. Four databases -PubMed, POPLINE, OVID, and Google Scholar -were used to search for this material. Additional grey literature was identified by searching 15 relevant websites, as well as abstracts from the International AIDS Conferences, starting in 2010. Following peer review, we identified literature published in 2017, after our initial search, to include in the study. We used Google Scholar and the same search strategy to identify these supplementary resources.
Key words for the searches were based on two general categories: routinely-collected patient data and ART retention. Synonyms, such as "records" or "files" in place of "data," and similar concepts, such as "adherence" in place of "retention," were used as key words. The investigators used Boolean operator syntax, including "and" and "or" commands, to conduct multiple key word searches in databases. Some targeted websites for grey literature searches did not have a key word search function; therefore, hand searches through relevant sections of the website were conducted. Search terms and search method, number of results reviewed, and number of results deemed relevant were recorded in an Excel spreadsheet. Database search results were stored in EndNote.
Study selection
Two investigators independently screened the titles and abstracts of all search results for relevance. All studies and texts, regardless of method used, were eligible for inclusion so as to collect the greatest number of items on the research topic. All texts deemed irrelevant by both investigators and all duplicates were removed. Full-text articles were retrieved for the remaining relevant abstracts. Two investigators independently reviewed the full text of each relevant article and assessed its eligibility based on the following criteria:
. Publication must be in English;
. Publication must be published in 2004 or later (2004 marked the start of ART delivery at scale in lowand middle-income countries) (Govindasamy et al., 2014) ; . Publication must have been conducted in a low-or middle-income country, as determined by World Bank income classifications; . Publication must examine adult (not prevention of mother-to-child transmission of HIV and non-pediatric) ART retention for patients already on ART (not pre-ART); . Publication must describe actual rather than hypothetical or recommended use of routinely collected patient data to improve adult ART retention.
The investigators discussed cases on which they disagreed and an ultimate determination of eligibility was made jointly. The investigators applied PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) to document all steps in the search and selection process and standardize the way that results were recorded.
Data extraction
From each article selected as eligible, the investigators extracted information on the study's method and location, the intervention being assessed, and the relationship between an intervention and ART retention. During our analysis, we classified the types of interventions described into three main categories: patient tracing, data reviews, and improved data capture systems. These categories were determined after studies were selected for inclusion.
It is also important to note that there are publications related to patient tracing that were excluded from this systematic review due to insufficient information in the article on how routine data is used to inform patient tracing (Krebs et al., 2008; Yu et al., 2007) .
Results
Our initial search strategy identified 4,682 records ( Figure 1 ). Database searches found 947 studies, while other grey literature searches yielded 3,735 records. Of the 4,682 records found, 651 were removed as duplicates, leaving 4,031 records to be screened for relevance. The investigators excluded 3,910 during the relevance screening, yielding 121 full-text articles to be assessed for eligibility. Of those assessed, 105 of those articles were excluded by the investigators because they did not meet all of the eligibility criteria (described above), leaving 16 publications eligible for the analysis. Following peer review, we identified an additional three publications that met the study's eligibility criteria that were published in 2017. As a result, 19 publications were analysed in total. Five of these publications are peerreviewed journal articles (Errol et al., 2012; Gilvydis et al., 2015; Nglazi, Kaplan, Wood, Bekker, & Lawn, 2010; Ramdas, Meyer, & Cameron, 2015; Tweya et al., 2010) , six are abstracts and posters from an International AIDS Conference (Fox et al., 2017; Kitsao, Kimani, Muriuki, & Akolo, 2017; Mganga et al., 2014; Mugisa, Mugume, Odong, & Ndagire, 2014; Odhiambo et al., 2014; Wandina et al., 2011) , four are reports (do Nascimento & Joao, 2013; do Nascimento et al., 2014; Vella, Govender, & Scelo, 2008; "South African National", 2010) , two are theses (Naidoo, 2006; Ncholo, 2010) , one (Chantal, 2011 ) is a document recording an online discussion, and one is a blog post (Tjaronda, Mwinga, Kagoya, & Mazibuko, 2017) (Table 1) .
Most of the selected publications (17 of the 19) were published in 2010 or later. All but one of the 19 publications described interventions that took place in subSaharan Africa. The country featured most often was South Africa (eight publications), followed by Kenya (three publications) and Mozambique (two publications). The other studies described interventions in Tanzania, Rwanda, Uganda, Malawi, Namibia, and India.
The authors organized the publications in three nonmutually exclusive categories based on the approaches employed to improve patient retention described in each. The results presented below are divided into these three categories (patient tracing, data review, and improved data capture systems). Since many of the publications described strategies that used two or more of the intervention categories, they should not be seen as standalone approaches.
Improved data capture systems
Nine of the nineteen studies described ways in which health facilities improved current routine data collection systems to enhance retention in care -an intervention we call "improved data capture systems" (Table 1) . For example, a report in South Africa explained that the introduction of a longitudinal ART patient record system enabled the clinical team to review patient records and easily follow up with patients, because all of the information required was located in one register with the "due back" date at the health facility clearly marked: "Every month at treatment collection date, a mark is entered in the correct month column (…). In this way, it is easy to get a quick monthly overview of the names of clients who have not collected treatment" ("South African National", 2010).
Other approaches included using a patient appointment tracking book (Mugisa et al., 2014) , introduction of electronic patient monitoring systems that alert staff to patients who are LTFU (Chantal, 2011; Kitsao et al., 2017; Tjaronda et al., 2017; Tweya et al., 2010) , and an electronic pharmacy tracking system that sends an alert when patients do not pick up their medicines within a predefined period (Nglazi et al., 2010) . One study in South Africa also mapped the flow of data across all paper-based and electronic systems in 24 clinics to analyse how to improve efficiency in data capture, including how different systems interact with one another (Fox et al., 2017) .
Data reviews
Data review is another approach cited in the literature as a means of increasing retention in care for ART patients.
This approach involves reviewing health facility data on ART retention with clinic staff, community workers, and other appropriate parties with the goal of using the data to motivate improvements in ART retention rates using techniques already established or identifying new methods for reducing LTFU. Three of the nineteen studies cited data review as a means of improving retention, referring to it either as "data feedback" (Mganga et al., 2014) or "patient audit cycles" (Odhiambo et al., 2014; Wandina et al., 2011) .
For example, Wandina, et al., describe the AIDSRelief programme in Kenya, which held patient care audit meetings with a multidisciplinary team at health facilities to identify areas of improvement in HIV care and strategize ways to close identified gaps. Based on these discussions, health facilities began ensuring that clinic diaries that tracked patient appointments were used and prompted follow-up for those who missed appointments in order to decrease LTFU (Wandina et al., 2011) . Similarly, several years later the same programme published an abstract that documented processes in place for continuous review of patient care using the following quality 
Fox et al. (2017) South Africa Abstract and Eposter
Authors identified routine practices for tracking patients in 24 clinics in South Africa and mapped data flow through the clinic to assess varying recording approaches. They found that multiple databases and registers -both electronic and paper-based -were being used at these clinics. Authors assessed clinic procedures for retention in HIV care. Providers described procedures for retaining and reengaging ART patients. Four clinics reported appointment systems for ART patients, either verbal date or card with date, with follow-up of either calling or sending NGO or staff to find patients who missed appointments. Two facilities reported using the registers to track routine monitoring for patients, with follow-up done either by calling or sending out a home-based caregiver. Across clinics, periodic monitoring of patient files or registers was reported, but there was no consistent definition of or systematic approach to determine LTFU.
The University of Nairobi/University of Manitoba used a homegrown EMR system in 7 clinics focused on service delivery for sex workers in Nairobi. The EMR captures appointment dates and client demographic data. Each clinic was equipped with a prepaid GSM modem and sms gateway software, enabling the EMR system to send out regularly scheduled coded sms reminders of clinic appointments. The system sends 2 appointment reminders, one 7 days prior and the other a day prior to the appointment date.
Yes No Yes Before the intervention, 31% of enrolled clients were were still visiting the clinic a year later. After introduction of the sms reminders, 55% were still visiting the clinic a year later. The authors acknowledge the increase is not solely due to the sms reminders, but they believe the reminders had a significant impact.
Mganga et al. (2014) Tanzania Abstract and Poster
Applied a "data feedback" approach where routinely-collected data were analyzed and presented to stakeholders to minimize ART LTFU. Patients were then traced. Patients receive a reminder short message service (SMS) the day prior to their scheduled appointment. A booking list is printed daily to track patients as they attend. Should patients not attend their appointment, follow-up phone calls are made. When a patient on ART is identified as LTFU, the social worker phones the patient weekly or at least bimonthly for a period of 3 months, in an attempt to reschedule an appointment and get the patient back into (2010) South Africa Report A longitudinal paper-based ART register enabled the clinical team to regularly review the ART register and actively follow up with clients on ART through tracing (phone and inperson).
Yes No Yes At the end of the two years, 87% of patients were on active treatment, 9.7% had died, 2% had transferred out, and 1.6% were LTFU.
Tjaronda et al. (2017) Namibia
Blog post Implementing the Electronic Dispensing Tool (EDT) in highburden regions in Namibia allowed community health workers to trace LTFU patients and return them to care. The EDT is more comprehensive and easier to use than appointment registers, although there were some initial EDT implementation challenges.
Yes No Yes
The percentage of LTFU patients who were traced and brought back to care increased from 2014 to 2015 as the EDT was being implemented. For example, 50% of traced patients returned to care in 2014 compared with 65% in 2015.
Tweya et al. (2010) Malawi Peer-reviewed article
Piloted an intervention ("Back-to-care") to minimize LTFU among patients in two ART sites. An electronic data system (EDS) for routine collection of ART data was used to classify and identify patients LTFU. A component for training health workers was included on how to verify data in the EDS. The project initiated active follow-up, resulting in improved treatment outcomes and ART retention.
Rwanda Online Discussion
Electronic patient management and monitoring system that allows tracking of patients who missed CD4 appointments or ART pickup and LTFU generally. It has been used at sites to ensure that fewer patients miss appointments. Vella et al. (2008) South Africa Report Evaluated ART patient information systems. Patient information was recorded on paper forms rather than through electronic patient registers, resulting in sites not updating the number of patients who defaulted. Defaulters were contacted over the phone, but very few were visited at home. Only one quarter of the delivery sites used community health workers to trace defaulters. An effective monitoring system to alert the staff when patients were not coming as scheduled was absent. improvement methods: review of chronic care support systems including clinic processes; assessment of patient outcomes; and strengthening the ability of health facilities to contact patients LTFU (Odhiambo et al., 2014) . Implementers in Tanzania used a similar method, in which summarized data on LTFU were presented in a table or figure format to local stakeholders to motivate improvements in patient retention (Mganga et al., 2014) . The abstract did not document subsequent steps taken to improve retention.
Patient tracing
Every study except one discussed interventions pertaining to "patient tracing" to reduce LTFU (see Table 1 ). Patient tracing is a strategy whereby health facility staff or community workers follow up with patients who do not appear at a health facility within a given timeframe and are therefore considered defaulted patients to determine why the patient is not reporting to the health facility as planned. Patient tracing is a common and recommended practice to identify patient outcomes (Geng et al., 2010) . For patient tracing to be successful, patient registers must be of sufficient quality to show which patients need to be traced, and complete and up-to-date contact information is needed. Tracing modalities consisted of in-person visits to a patient's home, phone calls, and short message service (SMS).
One example of patient tracing comes from Nhamatanda, Mozambique, where implementers made a concerted effort to better manage disorganized patient files at the health facility in order to ensure consistent and timely identification of defaulted patients. Patients who either missed pharmacy pick-ups or consultations were telephoned by the community worker or the community worker travelled to the patient's neighbourhood and home to look for and counsel the patient to return to treatment -sometimes escorting them back to the health facility (do Nascimento & Joao, 2013; do Nascimento et al., 2014) .
Effect on ART adherence
Nine of the nineteen studies provided some evidence that the interventions resulted in increased retention or reduced LTFU. However, the quality of the evidence was relatively weak. Seven of these studies compared retention or LTFU rates from before and after the intervention, but none of the studies accounted for other potential factors that could have contributed to changes in retention or LTFU rates. Further, all nine studies that described a relationship between the interventions and ART retention assessed pilot or small-scale programmes that were implemented in select facilities, resulting in small sample sizes. The effect of scaling up interventions nationwide on ART retention is unknown.
Discussion
Evidence from this review suggests that the use of routinely-collected patient data to increase ART retention has not been well-documented to date. Further, comparing the success of the three methods used to increase patient retention is difficult with the data currently available. Each study in our review used different measures and definitions (such as numbers on treatment, LTFU rates, or percentage of patients actively on treatment) to determine the success of an intervention. Standardizing definitions and measurements of ART retention and LTFU in future work documenting how routinely collected data are used to strengthen ART retention would improve our understanding of the effect of the interventions we discuss in this paper.
Additionally, more operations and quasi-experimental and experimental research in real world settings is needed to explore the effect of expanding interventions nationwide or combining multiple approaches to support ART retention. This larger pool of evidence could allow countries to experiment with and adapt evidence-informed retention techniques using routinely collected data to their contexts, and these could become part of national HIV/AIDS strategies and operational guidance, for instance on electronic patient monitoring systems, as discussed by Hochgesang et al., 2016 . It should be coupled with approaches which address the unique cultural, social and economic barriers patients face to continue ART care, which, while not addressed in this paper, is key to reducing ART retention. Approaches should also be tailored to the type of HIV epidemic (generalized, concentrated, or mixed) that a country faces.
Several studies in our review indicate that routine patient data needs to be accurate and complete in order to effectively inform HIV retention interventions (e.g., do Nascimento & Joao, 2013; do Nascimento et al., 2014; Tjaronda et al., 2017) . Improving the quality of data and data systems will be an important requirement to fully realize the potential of using available data to find and retain defaulted patients in treatment. This will require investments in human resources so that health facility staff and community health workers can effectively use data capture systems and newer technology, including electronic medical record systems and systems that link electronic databases and mobile phones (Hochgesang et al., 2016; Lambdin et al., 2012; "World Health", 2006) . It will also require improvements that are tailored to country health information system design -whether facility-based or patient-retained, stand-alone or integrated, paper-based or electronic, centralized or decentralized. Across these systems, the ability to link patients using unique patient identifiers will be critical to ensure patients are not LTFU when they transfer to a new health facility, and the data on retention is valid and reliable. Following a case based surveillance approach, an important component of the WHO's HIV Second Generation Surveillance (WHO, 2013), would be a useful roadmap for implementers and ministries of health (see also Harklerode et al., 2017) . Further, data collection systems should balance the need for monitoring multiple indicators with the labour intensity of collecting and recording that information ("World Health", 2006) , as well as consider the financial and other resource limitations that exist in low and middle income countries.
Conclusions
Despite the fact that the use of routinely-collected patient data to improve ART retention is a recommended best practice by the WHO to avoid mortality and other adverse outcomes ("World Health", 2006) , our state of the evidence review shows that there is limited evidence and research on this topic in low and middle income countries. Our review identified three types of interventionsimproved data capture systems, data reviews and patient tracing -that use available data to improve ART retention. Going forward, we recommend the creation of a comprehensive research and policy agenda that investigates these interventions and various combinations of them across countries, recognizing the variations in social, cultural and economic factors at play across contexts, as well as the differences in health information system design and human resource capacity. Improving the quality of patient data and strengthening routine health information systems will continue to be essential to exploiting the full potential of facility data to increase ART retention.
